Suitable DNA isolation method for the detection of minimal residual disease by PCR techniques

TO THE EDITOR
During the last few years it has become clear that monitoring of minimal residual disease (MRD) in leukemia patients by means of rearranged immunoglobulin and T cell receptor genes as PCR targets is of clinical relevance.
1-3 The development of 'real time quantitative PCR' (RQ-PCR) techniques will most likely further increase the predictive value of PCR results. 4 In the near future clinical trials may be started for childhood acute lymphoblastic leukemia (ALL) in which the treatment of patients will be stratified according to PCR results. Therefore, it is of utmost importance that the techniques applied in different laboratories will give cross-comparable results. In this respect, standardization of PCR protocols is essential, 5 but standardized techniques for genomic DNA isolation are equally important. Originally, most laboratories used the classical phenolchloroform extraction, because this method results in high molecular weight DNA, suitable for Southern blot analysis. However, this method is laborious and based on the use of toxic reagents and gives rise to non-homogeneous DNA solutions. Therefore, phenol-chloroform extracted DNA is less appropriate for MRD-PCR techniques that will be applied for multiple follow-up samples.
We tested the applicability of the QIAamp Blood kit (Qiagen, Chatsworth, CA, USA) for isolation of genomic DNA for MRD studies in childhood ALL. Mononuclear cells were isolated by Ficoll density centrifugation from blood and bone marrow samples at diagnosis and during follow-up. Cells were counted and processed directly or cryopreserved in medium containing 10% DMSO. All further handling was according to the manufacturer's instructions. Briefly, the sample was lysed in a buffer containing RNAse and Qiagen protease (a broadspecificity serine protease isolated from a recombinant Bacillus strain). After addition of ethanol, the lysate was loaded on to a column for microspin purification. A minimum number of 2 × 10 6 cells and a maximum number of 15 × 10 6 cells per column was used. Nucleic acids selectively absorb to a silica gel-based membrane. After two wash spins, the pure nucleic acids were eluted in Tris-buffer or water and were ready for use. If performed routinely for multiple samples the whole procedure requires less than 2 h.
As shown in Figure 1 the recovered DNA isolated in this way has a reproducible medium molecular weight of 25-40 kb. After a BglII digest and agarose gel electrophoresis, the homogeneous smears indicated that DNA was of sufficient length and quality for use in Southern We subsequently analyzed the DNA recovery and purity. Therefore, the UV absorbance was measured at 260 nm and 280 nm. The ratio of absorbance at 260 nm and 280 nm was always between 1.5 and 1.8, median 1.6, implying that the DNA samples were sufficiently pure. The spectrophotometric measurements were performed in duplicate. No significant differences were found between two samples taken from the same DNA solution (data not shown), indicating that the DNA solution was homogeneous. With a theoretical recovery of 1 g from approximately 160 000 cells, we found a mean recovery of 82% (standard deviation 18%) as determined from 65 fresh samples. DNA isolations of 480 cryopreserved samples, without counting cells after thawing, resulted in a mean recovery of 55% (standard deviation 18%).
For reproducible quantitative MRD-PCR results, it is important that the DNA obtained from various patient samples is equally well amplifiable. Therefore, we determined the variance in the estimation of input DNA by RQ-PCR using a standard amount of QIAamp isolated DNA from 15 different patient samples. The albumin gene (primers kindly provided by EJBM Mensink, Nijmegen, The Netherlands) was used as PCR target. The ABI-PRISM 7700 Sequence Detection System (PE Biosystems, Foster City, CA, USA) was used to detect and quantify DNA via the TaqMan technology. 4, 6 Quantitative data were obtained during the early PCR cycles, when PCR fidelity is the highest. The experiments were performed in triplicate and the median of these three results was used. The correlation coefficient of a standard curve obtained by serial dilution of one DNA sample into water, was 0.964, again indicating that the DNA is well pipetable due its low viscosity. Because part of this variance may be inherent to the technical approach, we determined the variance of 21 replicate experiments from one DNA sample and again the median of three results was used. This time a coefficient of variance of 0.073 was found.
In conclusion, the QIAamp Blood kit provides a rapid and simple method for routinely performed DNA isolations from fresh and cryopreserved cells, which results in DNA samples that can be used both for Southern blot analysis and (RQ-) PCR. The DNA recovery and amplifiability is highly reproducible and suitable for MRD studies.
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The effect of long-term freezing of RT-PCR reagent mixes on the sensitivity of bcr-abl mRNA detection
TO THE EDITOR
The detection of disease-specific translocations by PCR amplification has revolutionized the field of molecular pathology, as has made diagnosis and detection of residual leukemia faster and more sensitive. An example is the detection of the bcr-abl chimeric transcript by RT-PCR in CML patients post-bone marrow transplant (BMT) is useful in predicting the probability of subsequent relapse. 1-3 These data have led to routine testing for the bcr-abl post-BMT, and indeed, CML has become the paradigm for the detection and treatment of molecular settings.
In testing individual patient samples, the sensitivity and specificity of the RT-PCR assay can be affected by variables introduced in the starting reaction mix. The frequent assembling of PCR mixtures requires more repetitive pipetting, which can introduce volume inaccuracies. In addition, the necessity of making repetitive reaction mixes is costly in time, supplies, and labor. The pre-assembly and storage of large quantities of PCR mix aliquots to be used in future reactions would potentially decrease run-to-run variation and possible problems with contamination, and would be a great advantage as long as the storage did not compromise reaction sensitivity. 4 We report here that PCR mixes can remain stable for up to 4 weeks at −20°C without significantly impacting the sensitivity of bcr-abl mRNA detection.
The experiment was designed to test the stability of three PCR mixes to −20°C freezing, with the major variable in the mixes being the addition of the RT and/or Taq polymerase enzymes. Mix 1 contained Superscript RT (Gibco BRL, Gaithersburg, MD, USA) and Taq polymerase (Perkin Elmer, Norwalk, CT, USA) during storage. Mix 2 con-tained only the Taq Polymerase, and Mix 3 did not contain either of these two enzymes during storage. Each of these three mixes was made a total volume sufficient to run 16 samples (four samples at four separate time points), and aliquoted to appropriate volumes for each time point so that no mixture had to endure multiple freeze-thaws.
A two-step 'nested' PCR was used to detect the bcr-abl chimeric mRNA at a level of 10 −5 to 10 −6 sensitivity, as previously described.
3
The bcr-abl positive K562 cell line control was diluted in a background of normal bone marrow RNA to a level of 10 −5 and 10
. Negative controls included normal bone marrow and a non-nucleic acid containing reagent mix control.
All three reaction mixes underwent RT/PCR after 0,2,4, and 6 weeks of −20°C storage (Figure 1) . Table 1 shows the maximum sensitivity achieved for each of the three reaction mixes after the varied lengths of storage. Before storage (week 0) and after 2 weeks of storage the sensitivity of the assay was 10 −6 for all reaction mixes. However, after 4 weeks of storage the reaction mix containing both RT and Taq polymerase (Mix 3) had decreased by one log to 10
, while the other mixes containing only Taq (Mix 2) or no enzymes (Mix 1) retained full sensitivity. Furthermore, by 6 weeks of freezer time all mixes had reduced sensitivity to the 10 −5 level. The use of pre-stored PCR solutions would significantly decrease technician time in setting up the complex, nested RT-PCR reactions. For example, in our laboratory, over a 4-week period a single technician would perform approximately 10 patient runs at 10 samples/run. Without using stored, pre-made PCR mixtures, the technician would spend approximately 4 h per run constructing the mixtures, for a total of 40 h of technician time for all 10 runs. On the contrary, the use of stored, pre-made PCR mixtures, total set-up time over the 4 weeks would take a total of approximately 5 h. Thus, the assembly of frozen aliquots may add substantial reproducibility, and decrease costs, without compromising the sensitivity of the RT-PCR assay.
